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(54) [TITLE OF THE INVENTION] SOUND DEADENING DEVICE 

5 (57) [ABSTRACT] 

[CONSTRUCTION] A first piezoelectric element 1 which generates 
an electric signal by a sound wave 12 such as noise and the like 
is provided adjacent to a second piezoelectric element 2 which 
is actuated by the electric signal, which is generated by the first 
10 piezoelectric element, to generate a sound wave having a phase 
opposite to that of the sound wave 12 so as to cancel the sound 
wave 12. 

[EFFECT] The sound wave 12 such as noise and the like is cancelled 
by the sound wave generated by the second piezoelectric element 

15 2. In addition, since the second piezoelectric element 2 is 
actuated by the electric signal generated by the first 
piezoelectric element 1 because of the sound wave 12 such as noise 
and the like, an external power supply is not needed. Further, 
since the piezoelectric elements are used, a sound deadening device 

20 is obtained, which has an extremely simple structure and is thin 
and light in weight. 
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[SCOPE OF CLAIM FOR UTILITY MODEL REGISTRATION] 
[CLAIM 1] A sound deadening device is characterized in that a 
first piezoelectric element which generates an electric signal 
by a sound wave such as noise is provided adjacent to a second 
5 piezoelectric element which is actuated by the electric signal, 
which is generated by the first piezoelectric element, to generate 
a sound wave having a phase opposite to that of the sound wave 
so as to cancel the sound wave. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

10 [FIG. 1] FIG. 1 is a schematic view of a sound deadening device 
according to an embodiment of the present invention. 
[FIG. 2] FIG. 2 is a view for illustrating a relation between 
an electrical connection between piezoelectric elements and 
polarization directions of the piezoelectric elements. 

15 [FIG. 3] FIG. 3 is a view for illustrating the relation between 
the electrical connection between the piezoelectric elements and 
the polarization directions of the piezoelectric elements. 
[FIG. 4] FIG. 4 is a perspective view of a sound deadening panel 
in which a great number of sound deadening devices are arranged. 

20 [FIG. 5] FIG. 5 is a view for illustrating a sound deadening action 
of the sound deadening device. 

[FIG. 6] FIG. 6 is a view for illustrating a sound deadening action 
of the sound deadening device. 

[FIG. 7] FIG. 7 is a schematic view of a sound deadening device 
25 according to an alternative embodiment of the present invention. 
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[FIG. 8] FIG. 8 is a schematic view showing a conceivable structure 
of a sound deadening device. 
[DESCRIPTION OF THE REFERENCE CHARACTERS] 
1 piezoelectric element (first piezoelectric element) 
5 2 piezoelectric element (second piezoelectric element) 

21 piezoelectric element (first piezoelectric element) 

22 piezoelectric element (second piezoelectric element) 
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[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL APPLICABILITY] 

The present invention relates to a sound deadening device 
5 which deadens unwanted sound such as noise and the like. 
[0002] 

[BACKGROUND ART] 

Sonic environment is one of the most important elements 
in seeking a comfortable living space. 
10 [0003] 

Among them, countermeasures against noise is focused 
on, and in houses, a sound absorbing material such as an expandable 
plastic is interposed between walls, thereby reducing reflected 
sound at the walls and deadening unwanted sound. 
15 [0004] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 
However, the above conventional structure has a need 
to make the sound absorbing material thicker considerably for 
enhancing acoustic properties at the walls. If doing so, there 
20 arises a problem that the wall becomes excessively thick so that 
the inside of a room becomes small. 
[0005] 

So, for solving the problem, a sound deadening device 
is conceived as shown in FIG. 8. 
25 [0006] 
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Namely, in the sound deadening device, a speaker 41 
receives a sound wave 4 6 such as noise and the like from the outside, 
and the received vibration is detected by a detector 43 such as 
an acceleration sensor, a displacement sensor , or the like. Based 
5 on the detection signal, a transmitting circuit 44 transmits an 
electric signal to a transmitting speaker 42 so as to cause the 
transmitting speaker 42 to transmit a sound wave 47 having a phase 
opposite to that of the sound wave 46. Thus, the sound wave 46 
and the sound wave 47 are caused to interfere with each other to 
10 cancel the sound wave 46. 

[0007] 

However, the structure of the above sound deadening 
device needs the transmitting circuit 44 and a power supply circuit 
45 for actuating the transmitting circuit 44 , and thus there arises 
15 a new problem that the device is made large in size. 

[0008] 

[SOLUTION TO THE PROBLEMS] 

For solving the above problems, a sound deadening device 
according to the present invention is characterized in that a first 

20 piezoelectric element which generates an electric signal by a sound 
wave such as noise is provided adjacent to a second piezoelectric 
element which is actuatedby the electric signal, which is generated 
by the first piezoelectric element, to generate a sound wave having 
a phase opposite to that of the sound wave so as to cancel the 

25 sound wave. 
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[0009] 
[EFFECT] 

According to the above structure, since the first 
piezoelectric element which generates an electric signal by a sound 
5 wave such as noise is provided adjacent to the second piezoelectric 
element which is actuated by the electric signal, which is generated 
by the first piezoelectric element, to generate a sound wave having 
a phase opposite to that of the sound wave so as to cancel the 
sound wave, a sound wave such as noise and the like is cancelled 
10 by the sound wave generated by the second piezoelectric element. 
Further, since the second piezoelectric element is actuated by 
the electric signal generated by the first piezoelectric element 
1 because of the sound wave such as noise and the like, an external 
power supply is not needed. 
15 [0010] 

[EMBODIMENTS] 

The following will describe an embodiment of the present 
invention with reference to FIGS. 1 to 6. 
[0011] 

20 As shown in FIG. 1, a sound deadening device of the 

embodiment mainly includes a first piezoelectric element 1 which 
receives a sound wave 12 such as noise and the like from the outside 
and generates an electric signal corresponding to vibration of 
the sound wave 12, and a second piezoelectric element 2 which is 

25 actuated by the electric signal generated by the piezoelectric 
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element 1 to generate a sound wave having a phase opposite to that 
of the sound wave 12. 
[0012] 

The piezoelectric element 1 includes a piezoelectric 
ceramics plate 3 having electrodes (not shown) on both surfaces 
thereof, and a metal support 4 which supports the piezoelectric 
ceramics plate 3, and the piezoelectric ceramics plate 3 is attached 
on the metal support 4. Similarly as the piezoelectric element 
1, the piezoelectric element 2 includes a piezoelectric ceramics 
plate 5 having electrodes (not shown) on both surfaces thereof, 
and a metal support 6 which supports the piezoelectric ceramics 
plate 5, and the piezoelectric ceramics plate 5 is attached on 
the metal support 6. 

[0013] 

These piezoelectric elements 1 and 2 are respectively 
fixed to openings 10 and 11 of a panel 9 adjacently to each other, 
and disposed so that the metal supports 4 and 6 are located on 
the exterior side and the piezoelectric ceramics plates 3 and 5 
are not exposed to the outside. 

[0014] 

A piezoelectric ceramics material having a voltage 
output constant g greater than that for the piezoelectric ceramics 
plate 5 of the piezoelectric element 2 is used for the piezoelectric 
ceramics plate 3 of the piezoelectric element 1. On the other 
hand, a piezoelectric ceramics material having a piezoelectric 



strain constant d greater than that for the piezoelectric ceramics 
plate 3 of the piezoelectric element 1 is used for the piezoelectric 
ceramics plate 5 of the piezoelectric element 2. 
[0015] 

5 Next, a relation between an electrical connection 

between the piezoelectric elements 1 and 2 and polarization 
directions of the piezoelectric elements 1 and 2 will be described 
with reference to FIGS. 2 and 3. 
[0016] 

10 In the case where a direction of polarization 14 of the 

piezoelectric element 1 is substantially the same as a direction 
of polarization 15 of the piezoelectric element 2 as shown in FIG. 

2 (the polarization directions are indicated by arrows) , leadwires 
7 and 8 are connected so that the piezoelectric element 1 and the 

15 piezoelectric element 2 are connected in series with each other. 
Specifically, the electrode of the piezoelectric ceramics plate 

3 of the piezoelectric element 1, which is located on the side 
opposite to the metal support 4, is connected to the metal support 
6 of the piezoelectric element 2 by the lead wire 7 , and the metal 

20 support 4 of the piezoelectric element 1 is connected to the 
electrode of the piezoelectric ceramics plate 5 of the 
piezoelectric element 2, which is located on the side opposite 
to the metal support 6, by the lead wire 8. 
[0017] 

25 On the other hand, in the case where the direction of 
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the polarization 14 of the piezoelectric element 1 is substantially 
opposite to the direction of the polarization 15 of the 
piezoelectric element 2 as shown in FIG. 3, lead wires 17 and 18 
are connected so that the piezoelectric element 1 and the 
piezoelectric element 2 are connected in parallel with each other. 
Specifically, the electrode of the piezoelectric ceramics plate 
3 of the piezoelectric element 1, which is located on the side 
opposite to the metal support 4, is connected to the electrode 
of the piezoelectric ceramics plate 5 of the piezoelectric element 
2, which is located on the side opposite to the metal support 6, 
by the lead wire 17, and the metal support 4 of the piezoelectric 
element 1 is connected to the metal support 6 of the piezoelectric 
element 2 by the lead wire 18. 
[0018] 

As described above, the piezoelectric elements 1 and 
2 are connected to each other. Thus, for example, when an electric 
signal is generated by the piezoelectric element 1 because of 
vibration of a sound wave and the like, the piezoelectric element 
2 is actuated by the electric signal generated by the piezoelectric 
element 1 to generate vibration having a phase opposite to that 
of the vibration. 

[0019] 

A sound deadening action in the above structure will 
be described with reference to the schematic view of FIG. 1 and 
the illustrations of FIGS. 5 and 6. 
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[0020] 

When the sound wave 12 concurrently reach the 
piezoelectric elements 1 and 2 from the outside as shown in FIG. 
1, both of the piezoelectric elements 1 and 2 generate electric 
5 signals. However, since the piezoelectric ceramics material 
having the voltage output constant g greater than that for the 
piezoelectric ceramics plate 5 of the piezoelectric element 2 is 
used for the piezoelectric ceramics plate 3 of the piezoelectric 
element 1, the piezoelectric element 1 has a pressure sensitivity 

10 higher than that of the piezoelectric element 2. Thus, as shown 
in FIG. 5, the piezoelectric element 1 is more strongly excited, 
and a higher voltage is generated in the piezoelectric element 
1 than in the piezoelectric element 2. Then, the output voltage 
of the piezoelectric element 1 is applied to the piezoelectric 

15 element 2 . 

[0021] 

On the other hand, since the piezoelectric ceramics 
material having the piezoelectric strain constant d greater than 
that for the piezoelectric ceramics plate 3 of the piezoelectric 

20 element 1 is used for the piezoelectric ceramics plate 5 of the 
piezoelectric element 2, the piezoelectric element 2 efficiently 
transmits a sound wave 19 by the output voltage of the piezoelectric 
element 1. At this time, since the piezoelectric elements 1 and 
the piezoelectric element 2 are connected to each other by the 

25 lead wires 7 and 8 so that the phase of a vibration direction of 
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the piezoelectric element lis opposite to that of the piezoelectric 
element 2, the phase of the sound wave 12 is opposite to that of 
the sound wave 19. Thus, the sound wave 12 is cancelled by the 
sound wave 19 having the opposite phase. 
5 [0022] 

As described above, the sound deadening device of the 
embodiment has an extremely simple structure using the two 
piezoelectric elements 1 and 2, and in addition, can easily deaden 
soundwave such as noise and the like without supplying power thereto 
10 from the outside. Further, since the piezoelectric elements 1 
and 2 have a thickness of 1mm or less, the sound deadening device 
is extremely thin and light in weight. 
[0023] 

Next, a sound deadening panel, in which a great number 
15 of the sound deadening devices are arranged, is shown in FIG. 4. 

[0024] 

A great number of the openings 10 and 11 are provided 
alternately in the panel 9, and a great number of the sound deadening 
devices each including the piezoelectric elements 1 and 2 are 

20 provided to the openings 10 and 11. By so providing the great 
number of the sound deadening devices, the sound deadening effect 
can be improved. It is noted that the sound deadening panel is 
not only used as an indoor sound deadening wall but also used for 
deadening sound outdoor, such as application to a noise barrier 

25 wall at an expressway, and the like. 

11 



[0025] 

The following will describe an alternative embodiment 
of the present invention with reference to FIG. 7. 
[0026] 

5 As shown in FIG. 7, a sound deadening device of the 

embodiment mainly includes a first piezoelectric element 21 which 
receives a sound wave 12 such as noise and the like from the outside 
and generates an electric signal corresponding to vibration of 
the sound wave 12, and a second piezoelectric element 22 which 
10 is actuated by the electric signal generated by the piezoelectric 
element 21 to generate a sound wave having a phase opposite to 
that of the sound wave 12. 
[0027] 

The piezoelectric element 21 includes a piezoelectric 
15 ceramics plate 23 having electrodes (not shown) on both surfaces 
therepf , and a metal support 24 which supports the piezoelectric 
ceramics plate 23, and the piezoelectric ceramics plate 23 is 
attached on the metal support 24 . Similarly as the piezoelectric 
element 21, the piezoelectric element 22 includes a piezoelectric 
20 ceramics plate 25 having electrodes (not shown) on both surfaces 
thereof, and a metal support 26 which supports the piezoelectric 
ceramics plate 25, and the piezoelectric ceramics plate 25 is 
attached on the metal support 26. 
[0028] 

25 The piezoelectric element 21 is fixedly provided to an 
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opening 30 provided in a front panel 29. The panel 29 is provided 
with an opening 31 adjacent to the opening 30, a rear panel 32 
is provided with an opening 33 in a facing relation to the opening 
31, and the piezoelectric element 22 is fixedly provided to the 
5 opening 33. It is noted that the piezoelectric elements 21 and 
22 are disposed so that the metal supports 24 and 26 are located 
on the exterior side and the piezoelectric ceramics plates 23 and 
25 are not exposed to the outside. 
[0029] 

10 A relation between an electrical connection between the 

piezoelectric elements 21 and 22 and polarization directions of 
the piezoelectric elements 21 and 22 is the same as that in the 
aforementioned embodiment, and the description thereof will be 
omitted. However, FIG. 7 shows an electrical connection state 

15 in the case where the polarization directions of the piezoelectric 
elements 21 and 22 are substantially the same. The electrode of 
the piezoelectric ceramics plate 23 of the piezoelectric element 
21, which is located on the side opposite to the metal support 
24, is connected to themetal support 26of the piezoelectric element 

20 22 by a lead wire 27, and the metal support 24 of the piezoelectric 
element 21 is connected to the electrode of the piezoelectric 
ceramics plate 25 of the piezoelectric element 22, which is located 
on the side opposite to the metal support 26, by a lead wire 28. 
[0030] 

25 In the above structure, the sound wave 12 such as noise 



and the like reaches the piezoelectric element 21, which is provided 
on the front panel 29, from the outside slightly earlier than the 
piezoelectric element 22 which is provided on the rear panel 32. 
Thus, the piezoelectric element 21 is excited in advance of the 
5 piezoelectric element 22 , and generates an electric signal . Then, 
the output voltage of the piezoelectric element 21 is applied to 
the piezoelectric element 22. At this time, since the 
piezoelectric elements 21 and the piezoelectric element 22 are 
connected to each other by the lead wires 27 and 28 so that the 

10 phase of a vibration direction of the piezoelectric element 21 
is opposite to that of the piezoelectric element 22, a sound wave 
having a phase opposite to that the sound wave 12 is transmitted 
from the piezoelectric element 22, thereby canceling the sound 
wave 12. 

15 [0031] 

In the embodiment, for efficiently transmitting a sound 
wave having a phase opposite to that of the sound wave 12, it is 
preferable that a piezoelectric ceramics material having a voltage 
output constant g greater than that for the piezoelectric ceramics 

20 plate 25 of the piezoelectric element 22 is used for the 
piezoelectric ceramics plate 23 of the piezoelectric element 21 
and that a piezoelectric ceramics material having a piezoelectric 
strain constant d greater than that for the piezoelectric ceramics 
plate 23 of the piezoelectric element 21 is used for the 

25 piezoelectric ceramics plate 25 of the piezoelectric element 22. 
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However, since the piezoelectric element 21 is located more forward 
than the piezoelectric element 22, the same effects are obtained 
even when the piezoelectric elements 21 and 22 using the same 
piezoelectric ceramics material are used. 
[0032] 

As described above, the sound deadening device of the 
embodiment has an extremely simple structure using the two 
piezoelectric elements 21 and 22, and can easily deaden sound wave 
such as noise and the like without supplying power thereto from 
the outside. In addition, since the piezoelectric elements have 
a thickness of 1mm or less, the sound deadening device is thin 
and light in weight. Further, in the embodiment, since the same 
material can be used for the two piezoelectric elements 21 and 
22, the sound deadening device can be manufactured further 
efficiently . 

[0033] 

[EFFECT OF THE INVENTION] 

As described above, in the sound deadening device of 
the present invention, a first piezoelectric element which 
generates an electric signal by a sound wave is provided adjacent 
to a second piezoelectric element which is actuated by the electric 
signal, which is generated by the first piezoelectric element, 
to generate a sound wave having a phase opposite to that of the 
sound wave so as to cancel the sound wave. Thus, a sound wave 
such as noise and the like is cancelled by a sound wave generated 

15 



by the second piezoelectric element . In addition , since the second 
piezoelectric element is actuated by the electric signal which 
is generated by the first piezoelectric element because of the 
sound wave such as noise and the like, an external power supply 
5 is not needed. Further, since the piezoelectric elements are used, 
an effect is provided that a sound deadening device, which has 
an extremely simple structure and is thin and light in weight, 
is obtained. 
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FIG. 8 
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#26 tlJSjttWWtat^'J -K82 8 K «fc 9«8S3nT^£. 
[0 0 3 03 

±iew«BeiC*5l%T. ttSBT^tfJK^O^iK l 2(4. {gBBO/t*^ 3 2 iiK 
^tt^.n/iGE«3R^2 2«t0 *>iifl®<£Mt*JU2 9 ±izwt^^titz&mmf-2 HZ 

t)Tfrizm<mm-rz>. z\e>tttt>. mn&?2 ibs**?- 2 2 £ 9 t>ttmtt£ 

SfcK^ifcl 2tZJ:-oTia«$n. mfUfWie<fe-r-5. fit. ;»)£«S J f2 
1 <0tB/j«Q£A ? QEm*f 2 2{CSJAn£n£). Ztf)<h£\ JI**^ 2 1 (DMihJjfa 
t.&MM=f-2 2V>M.m)1jfaiitf&.<iLl®\ZtS.Z>&^\Z. ffififtt^ 1 2 
2i/»<'J-Htl2 7 • 2 8i:iOS«2nTl^OT?. (£«5H^ 2 I wai^«ffi 
K<J:9*i&l 2t«M&ttCDgac7jiE*Jg^2 27i>^%m$n-5C<h«w^f 0. Z. 
tilz^O. 1 2t4tT^rfi^n-5^<tlr^-5. 
[0 0 3 1] 

*3ftttffllw«fr>T. IE«*^-2 1 <DJ£«-fe7 5-y^X«2 3K14. fft*f 2 
2«)BEtt7i7?XS2 5ttt«LT. *EEffi2j)£Jfcg tf>:*c£V>J3E«-fc:7 5 y 
:7X*m€:ffiflIL.. B.mm^-2 2<DS.m±:^ 5 -y^X«2 5iCfi. BESSIE 1 
©Ett757i'Xfi2 3£it«LT. Etl^ » d »^ t Uffif 1 7 5 7 7 



- 8 7 8 9 9 



n-s. 

[0 0 3 2] 

£e*>#THS¥£ft»J5fc-Cife'9, U^fc> «*)<fcJS£fT oZ.izts.<. SSKttgS** 

eroBt^iftST-Si. ffiS^^-2 1 • 2 2«®$«lmmJ&lTT«.*fc: 

a. 

(0 0 3 3] 

[#3gro5c&*] 

S5l{i^lcJ:oTSg2<Dm«*^tti8ft£tt.S>tf>T. nffl5«ig^Sir/«cS. L 



7 « ) f. 



